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APPARATUS AND METHOD FOR EVALUATING MATERIAL USING POSITRON 

PROBLEM TO BE SOLVED: To provide an apparatus and method for evaluating material 
capable of allov^/ing more positrons to be incident while reducing energy loss even if a 
radiation source and a material to be measured are arranged in an isolated state and 
capable of easily performing the heating or cooling of the sample to be measured and 
various measurements in an apparatus for allowing a positron to be incident on a material 
to measure the life thereof and generated y-rays. 

SOLUTION: This material evaluating apparatus has a mechanism consisting of a positron 
radiation source, an electromagnetic lens, a positron detector and a 7-ray measuring 
device and capable of fixing the positron radiation source and the electromagnetic lens so 
as to arbitrarily change the distance between them and capable of holding at least the 
positron flight route from the positron radiation source to a material to be measured under 
vacuum. In this material evaluating apparatus, the center position of the positron radiation 
source is present outside the magnetic field of the electromagnetic lens and set within the 
range from the upper end of the magnetic field of the electromagnetic lens to the distance 
1 .5 times the effective caliber of the electromagnetic lens. A material is evaluated by 
measuring the life of the positron Incident on the material by this apparatus. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Carry out incidence of the positive electron which has a positive electron line source, an electromagnetic lens, a 
positive electron detector, and a gamma ray measuring instrument to a measured ingredient, and are equipment which 
measures the life and emission gamma ray of after [ incidence ] positive electron, and an electromagnetic lens is set in 
between. The positive electron line source, the electromagnetic lens, and the measured ingredient are arranged on the 
same shaft at the order, They are having the device which changes the distance of a positive electron line source and an 
electromagnetic lens into arbitration on said shaft, and can be fixed, and ingredient evaluation equipment characterized by 
the ability to hold the positive electron trajectory from a positive electron line source to a measured ingredient to a vacuum 
at least. 

[Claim 2] Ingredient evaluation equipment according to claim 1 with which the center position of a positive electron line 
source is characterized by for the measured ingredient on the shaft to which each center position of an electromagnetic 
lens and a measured ingredient Is connected being out of the magnetic field of an electromagnetic lens, and being within 
the limits from the upper limit of an electromagnetic lens magnetic field to effective aperture 1 .5 times the distance of an 
electromagnetic tens in the opposite side. 

[Claim 3] Ingredient evaluation equipment according to claim 1 or 2 with which the detector of positive electron is 
characterized by being the Avalanche photodiode. 

[Claim 4] The trajectory of positive electron is ingredient evaluation equipment according to claim 1 . 2, or 3 characterized 
by being held at the pressure of 1x10 to 4 or less Torrs. 

[Claim 5] Ingredient evaluation equipment according to claim 1, 2, 3, or 4 characterized by arranging another 
electromagnetic lens further between a positive electron detector and a measured ingredient. 

[Claim 6] Ingredient evaluation equipment given in claims 1. 2, 3, 4, or 5 characterized by having the instrument which 
heats or cools a measured ingredient in a vacuum. 

[Claim 7] The approach of the ingredient evaluation characterized by measuring the life of the positive electron by which 
incidence was carried out to the ingredient using equipment according to claim 1, 2. 3, 4, 5, or 6, an emission gamma ray, 
or its both. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1, This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This Invention relates to the equipment used for mainly detecting and evaluating the defective 
information on crystals, such as a hole, the hole aggregate, and a rearrangement, in ingredients, such as a metal, a semi- 
conductor, and a compound, and an approach by carrying out incidence of the positive electron obtained considering 
beta+ disintegration mold radioisotope as a line source to an Ingredient, measuring the life or measuring the gamma ray to 
generate. [0002] 

[Description of the Prior Art] With altitude in recent years and progress of a precise technique, the demand to the 
Ingredient used in various fields becomes still severer, there are very few impurities and, moreover, the ingredient with 
which the defect Inherent was also reduced by the degree of pole is demanded strongly. For example, for operational 
stability of a circuit, it is a super-high grade more than ten nine %, and moreover, there is no rearrangement and the 
silicon used for substrates, such as super-large scale integration (VLSI), requires the single crystal also with possible few 
few defects like a hole or the hole aggregate, i.e., a crystallographic very small defect. Moreover, few defects. I.e., not only 
a rearrangement but a crystallographic very small defect like a hole or the hole aggregate, also do big effect to 
reinforcement in the case of being used by the extreme situation, such as metaled high temperature strength, fatigue 
strength, and disruptive strength. There is the approach of canying out measurement evaluation of the gamma ray 
generated in case a positive electron life Is measured to the approach of detecting very sensitively such an atomic hole 
that exists in an ingredient, the hole aggregate, a class, an amount of a defect of a crystal lattice like a rearrangement, etc. 
or positive electron disappears. 

[0003] With positive electron, it has the same mass with an electron, and it Is one of the elementary particles with the 
charge of plus of the completely same absolute value as an electron, and generates in the collapse process of specific 
radioisotope. If incidence of this positive electron (beta+) is carried out into ingredients, such as a metal, incident kinetic 
energy will be lost for a short time, and subsequent behavior will turn into the same thermal motion as the usual electron. 
Ingredients, such as a metal, a semi-conductor, and a compound, are made from the atomic aggregate which is the 
structure which the electron with the charge of minus enclosed in the surroundings of the nucleus which has the charge of 
plus, and many of these ingredients have taken the gestalt of the crystalline to which the atom which constitutes the 
aggregate carried out the regular three-dimensional grid-like array to three-dimension space. For example, as a metaled 
crystal, since it is made of the array of ion with the charge of plus, with ion, the positive electron which entered into it is 
repelled for a same sign comrade, there is, between crystal lattices, It collides with breadth, the electrical conduction 
electron which is moving about, coalesces, and disappears. 

[0004] However, since the defect of the crystal lattice for which atoms, such as a hole and a rearrangement, were 
insufficient is relatively charged in minus, the positive electron of plus is first captured by the part, collides with ****** soon 
and carries out coalesce disappearance. When this positive electron collides with an electron and carries out coalesce 
disappearance, energy emits the two gamma rays with the almost opposite direction of 51 1keV(s). It collides with an 
electron, and time amount after positive electron carries out incidence to an ingredient until It disappears differs by the 
case where it is in a part without a defect, and the case where it is caught by the defect, and changes also with forms of a 
defect. Then, the condition of a defect can be grasped if the time amount change to disappearance is analyzed from the 
incidence of positive electron. Moreover, the gamma ray generated from collision disappearance with positive electron and 
an electron produces a gap of wavelength in the Doppler effect by electronic movement, and produces a gap with the 
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momentum in which the electron has also whenever [ angular relation / of the gamma ray emitted in the still more opposite 
direction ]. By analyzing these, the information on a defect can be known in more detail and the condition of an ingredient 
can be evaluated more to a precision. 

[0005] Positive electron is generated in the collapse process of beta+ disintegration mold radioisotope as mentioned 
above. Then, generally, using this radioisotope as a line source, a line source and measured material are stuck and it is 
measured. For example, that a half-life is long and it is easy to receive, handling is easy and it has forms, such as NaCI. 
and 22Na is chemically stable, it is usually enclosed with capsules, such as nickel foil, and is used as a line source. Since 
this 22Na emits the gamma ray of 1 .28MeV in the case of beta+ collapse, a line source is made into the form inserted with 
a measured ingredient, and is stuck, detectors, such as a scintillation counter, are prepared, and time amount until the 
gamma ray line of 51 1 keV Is detected is measured after sensing the gamma ray of 1 .28MeV. That is, since the distance of 
a line source and an ingredient is very near, the time of the gamma ray of 1 .28MeV being emitted is the start time of day 
which carried out incidence to the ingredient of positive electron, and the time of the gamma ray of 51 1keV being detected 
can consider as the time of day when positive electron disappeared. Thus, both time difference is measured, a positive 
electron life spectrum is obtained, and the defect of a crystal is evaluated. 

[0006] However, it is difficult for there to be a limitation by the method of making a line source stick a device under test to 
the sample of a variant configuration to heat and cool a sample and change a condition, and to measure freely. 
[0007] On the other hand, one person of this Invention persons has detached and arranged the positive electron line 
source and the measured ingredient, placed thin plastic scintillator between the line source and the measured ingredient, 
detected that positive electron passed through that, and has proposed the approach of getting to know the incidence time 
of day of the positive electron to an Ingredient. In the case of a metal, time amount after positive electron carries out 
incidence until it disappears is 100 - 300ps (picosecond: 10 to 12 seconds) extent. Since it is measurement of such a short 
time and the time amount taken for the positive electron generated In the line source to fly, and to carry out incidence of 
the space to a measured ingredient also enlarges a measurement error, an electromagnetic lens sorts out the positive 
electron of specific energy. Since calling it gamma-gamma mensuration since the gamma ray of a line source and the 
gamma ray from a measured ingredient are measured, then this approach detect direct positive electron beta+ and make 
it start time of day when an above-mentioned line source and an above-mentioned measured ingredient are stuck, 
suppose that this approach is called beta+-gamma mensuration below. 

[0008] thus, the resolution considered to be based on that a S/N ratio is inferior and time difference in case positive 
electron flies from a scintillator even to a measured ingredient if a line source and a measured ingredient are detached 
and arranged - there are problems, such as a fall. Then, pass between the same sector mold magnetic poles as what 
uses the emitted positive electron for mass analysis placed in parallel, or an electromagnetic lens Is passed. It Improves 
classifying only positive electron with the energy of the specific range, and carrying out incidence, after converging etc. 
Solution of these problems is aimed at (others [ Shirai / Taiji ]: the 59th volume of the Japan Institute of Metals. No. 6 
(1995), p.679. and Taiji Shirai: production, a technique, volume [ 48th ] No. 4 (1996). p.50). According to this beta+-gamma 
mensuration, since a sample and a line source are separable, it becomes possible to measure a measured ingredient in 
the condition of having heated or cooled, or to measure the ingredient of a variant configuration, and the detection 
efficiency of a start signal becomes high further. 

[0009] However, the beta+-gamma mensuration which detaches this line source and a measured ingredient greatly, and 
arranges them has the difficulty that the number of the positive electron which carries out incidence to a sample decreases 
extremely to the number of positive electron generated in the line source as compared with gamma-gamma mensuration. 
For this reason. If you think that measurement time amount will increase sharply and he will increase the number of 
incidence positive electron If the same line source is used, the line source of the radioisotope of high intensity will be 
needed, and the problem of safety will also be produced. 
[0010] 

[Problem(s) to be Solved by the Invention] Even if the purpose of this invention isolates and installs a line source and a 
measured ingredient, it can carry out incidence of more positive electron to a measured ingredient, and is by it in the 
equipment which carries out incidence of the positive electron to an ingredient, and measures the life and a generating 
gamma ray to offer the equipment which heating and cooling of a device under test are also possible for, and can perform 
various measurement easily, and Its measurement approach. 
[0011] 

[Means for Solving the Problem] this invention persons performed examination for improving large Increase of the 
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measurement time amount which is the greatest difficulty of beta+-gamma mensuration with many advantages as 
compared with the gamma-gamma mensuration performed conventionally - as mentioned above, by beta+-gamma 
mensuration, although a line source and a measured ingredient are detached and the scintillator for positive-electron 
detection is arranged to the meantime, the electromagnetic lens is used for the purpose of energy sorting of a positive- 
electron line for resolution enhancement. Then, it examined utilizing this electromagnetic lens not only for energy sorting 
but for focusing of a positive electron line, and increasing the number of the positive electron by which incidence is carried 
out to a measured ingredient. 

[0012] Although an electromagnetic lens is an electron microscope etc. and it is used for focusing of an electron ray, 
acceleration voltage can be selected to arbitration for the flow of the electron made parallel to the slit etc. in this case. On 
the other hand, since the line source of positive electron uses radioisotope, from there, positive electron Is equally emitted 
in all the directions. In order to increase the number which converge the positive electron emitted to this omnidirection, 
and turns to measured material orientation, it is necessary to enlarge aperture of an electromagnetic lens so that the 
number of positive electron to incorporate can be made [ many ]. [ as many V as possible ] 

[0013] Moreover, although it is necessary to change acceleration voltage, i.e., radiant energy, in order to change the 
incidence depth to the ingredient of a positive electron line, for that purpose, a line source must be changed. However, 
since beta+ disintegration mold radioisotope is used for a line source, selection of the radiant energy of a positive electron 
line is restricted. For example. In 22Na used well, positive electron is making energy distribution with a core 350keV(s), 
and they are 800keV{s) in 68germanium. If it is going to converge similarly these two sorts of positive electron lines, the 
magnetic field strength of a lens must be changed a lot. However, when the aperture of an electromagnetic lens becomes 
large, powerful excitation is required to strengthen a magnetic field, and since cost increases for that purpose, there is a 
limitation in the magnetic field strength to apply. For this reason, when a line source is changed, it Is not necessarily easy 
to select the magnetic field strength corresponding to it. 

[0014] Then, using the electromagnetic lens of fixed aperture, the magnetic field strength of a lens was fitted to the line 
source from which radiant energy differs, without changing, and guessed the means which can carry out incidence of as 
many positive electron as possible [ moreover ] to a measured ingredient by simulation count of the positive electron orbit 
which flies. Consequently, by changing the distance of a lens and a line source from a line source to the positive electron 
emitted to an omnidirection showed that there was a location as for which the number of positive electron which carries 
out incidence to a measured ingredient is made to max. Namely, what is necessary is just to enable it to change distance 
with an electromagnetic lens according to a line source. Moreover, the focal location where the positive electron line to a 
measured ingredient etc. converges is also changeable by adjusting the location of a lens and a line source. 
[0015] The location of a line source can increase the number of positive electron which converges even if the core of a line 
source enters Into the magnetic field of a lens to an electromagnetic lens. However, if a line source is put in into the 
magnetic field of a lens, since the die length of the effective magnetic field which joins the positive electron emitted 
towards a measured Ingredient will decrease, a more powerful magnetic field is needed. If it is going to apply effectively a 
line source with the especially large radiant energy of a positive electron line, magnetic field strength must be increased 
sharply. 

[0016] On the other hand, although some number of the positive electron which can converge may be Inferior if a line 
source is placed out of the magnetic field of a lens, it can converge, without strengthening the magnetic field of a lens. 
Thus, since the number of positive electron which carries out incidence to a measured ingredient can be increased without 
changing magnetic field strength, not the electromagnet into which magnetic field strength is changed according to a 
current but a permanent magnet may constitute an electromagnetic lens. 

[0017] Although the generated positive electron will carry out long-distance flight of the space and will carry out incidence 
to a measured ingredient when the line source and the measured ingredient have been detached and arranged, the signs 
of a charge only differ and positive electron is considered to be a particle with the same mass as an electron. In ancient 
times, the thermionic tube etc. is usually made into the vacuum of 10 to 4 or less Torrs, in order that an electron may 
lessen colliding with a gas molecule, and it being scattered about, or losing the flight energy as much as possible, when 
dealing with an electron ray, not only an electron microscope but an electron beam device, the Braun tube. Then, also 
when incidence of this positive electron was earned out, space between a line source and a measured ingredient was 
made into the same high vacuum as an electronic handling device. Consequently, sensibility Improved and, also in the 
energy fractionation effect by the electromagnetic lens, it became clear conjointly that a S/N ratio is improved greatly. 
[0018] In beta+-gamma mensuration, the positive electron passed in the location close to a measured Ingredient is 
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detected, and it considers as a start time. The plastic scintillator made as thin as possible was used for detection of this 
positive electron at the beginning. However, it was difficult from the fall of detection sensitivity to be unable to avoid about 
20% of loss of the energy of positive electron, even If It makes It thin to about 500 micrometers, but to make It thin more 
than this. This energy loss not only increases the measuring time, but makes the impregnation depth to a measured 
Ingredient shallow. Then, the energy loss by transparency could be lessened as much as possible, and use of the 
Avalanche photodiode (avalanche diode: APD) of a semi-conductor photo detector was considered from the point of high 
sensitivity, the Avalanche photodiode is used as an object for light-receiving for optical communication - it is the 
component of high sensitivity very much. On the high resistive layer (pi layer) which carried out epitaxial growth to the 
silicon substrate of P type, P layers and N layer which are operated in the Avalanche field are formed, and thickness can 
manufacture to a less than 50-mtcrometer thing. However, It was judged from the point of a mechanical strength that an 
about 1 00-mlcrometer thing was suitable. By application of the Avalanche photodiode of this thin film, It was made more to 
high sensitivity, and the energy loss of positive electron was able to be lessened more. 

[0019] By detaching a line source, the conditions at the time of the measurement, such as heating and cooling, can be 
changed to a measured Ingredient, and measuring machine machines, such as a scintillation counter, can be further 
attached easily near the measured ingredient. Thus, the number of positive electron which can be used was able to be 
increased, without changing the magnetic field of an electromagnetic lens a lot by enabling it to change the distance from 
an electromagnetic lens for a positive electron line source according to the radiant energy. And space where the positive 
electron between a line source and a measured ingredient flies was able to be made into the vacuum, dispersion by 
collision could be reduced, and the energy loss at the time of positive electron detection has been mitigated using the 
Avalanche photodiode which made thickness thin further. Thus, It can set to the beta+-gamma mensuration of the positive 
electron life of an ingredient, and ingredient evaluation under the conditions of much versatility can be performed now with 
a more sufficient precision rather than before in a short time. 

[0020] Measurement of the gamma ray to which It is time-amount-measured and Is emitted after the positive electron by 
using the equipment of this Invention carries out incidence to a measured Ingredient until it disappears, measurement of 
the Doppler effect, or measurement of two gamma ray include angles should just apply the approach currently 
conventionally performed as a positron annihilation method as it is. The summary of this invention is as follows. 

(1) Have a positive electron line source, an electromagnetic lens, a positive electron detector, and a gamma ray 
measuring instrument, carry out incidence of the positive electron to a measured ingredient, are equipment which 
measures the life and emission gamma ray of after [ incidence ] positive electron, and set an electromagnetic lens in 
between. The positive electron line source, the electromagnetic lens, and the measured Ingredient are anranged on the 
same shaft at the order, They are having the device which changes the distance of a positive electron line source and an 
electromagnetic lens into arbitration on said shaft, and can be fixed, and ingredient evaluation equipment characterized by 
the ability to hold the positive electron trajectory from a positive electron line source to a measured ingredient to a vacuum 
at least. 

(2) Ingredient evaluation equipment of the above (1) with which the center position of a positive electron line source is 
characterized by for the measured ingredient on the shaft to which each center position of an electromagnetic lens and a 
measured Ingredient Is connected being out of the magnetic field of an electromagnetic lens, and being within the limits 
from the effective magnetic field upper limit of an electromagnetic lens to less than 1 .5 times of the effective aperture of an 
electromagnetic lens in the opposite side. 

(3) The above (1) or (2) ingredient evaluation equipment with which the detector of positive electron is characterized by 
being the Avalanche photodiode. 

(4) The trajectory of positive electron is ingredient evaluation equipment of the above (1). (2). or (3) characterized by being 
held at the pressure of 1x10 to 4 or less Torrs. 

(5) The above (1) characterized by arranging another electromagnetic lens further between a positive electron detector 

and a measured ingredient, (2), (3), or (4) ingredient evaluation equipment. 

(6) The above (1) characterized by having the instrument which heats or cools a measured ingredient In a vacuum. (2). 
(3), (4), or (5) ingredient evaluation equipment. 

(7) The approach of the Ingredient evaluation characterized by measuring the measurement of the life of positive electron 
by which incidence was carried out to the Ingredient using the equipment of the above (1). (2), (3). (4), (5), or (6). an 
emission gamma ray, or its both. 

[0021] 
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[Embodiment of the Invention] The mimetic diagram having shown the configuration of the equipment of this invention in 
drawin g 1 explains to a detail. Each configuration section is arranged on the same shaft in order of the positive electron 
line source 1 , an electromagnetic lens 3, the positive electron detector 5, and the measured Ingredient 6, and Installs a 
radiation detector 7 near the measured ingredient 6, and the trajectory of the positive electron from the line source 1 to the 
measured ingredient 6 is placed into the container 2 which can be exhausted to a vacuum. A non-magnetic material is 
used In the part of a container 2 on which an electromagnetic lens 3 Is put at least. The positive electron line source 1 Is 
attached in the line source holder 9, with migration and a fixture 1 1 , shall change a location into arbitration and shall fix 
said shaft top. 

[0022] The positive electron line 4 emitted from the positive electron line source 1 converges with an electromagnetic lens 
3, incidence is carried out to the measured ingredient 6 through the positive electron detector 5, and positive electron 
collides with an electron within the measured ingredient 6, and it disappears, and emits a gamma ray. After a detector 5 
detects positive electron, if time amount until it senses the gamma ray (511 KeV) emitted from the measured ingredient 6 is 
measured, the life of positive electron can be known. 

[0023] If the positive electron line source 1 is radioisotope which emits positive electron, although not asked, there is much 
positron emission enclosed with the metal capsule usually used, and, especially as for classification, It can apply long 
22Na (positive-electron average energy: 350KeV) and 68germanium (**: 800KeV) of a half-life. 

[0024] As typically shown In drawing 2 , an electromagnetic lens 3 consists of frame 3a of the permeability soft Iron put on 
the surroundings of a medial axis in the shape of the same axle, and coil 3w, and constitutes a lens magnetic field by the 
stray magnetic field of the magnetic flux produced about the gap 13 between the magnetic poles 3t and 3b excited by coil 
3w through the current. Therefore, the effective magnetic field of a lens Is limited within the comer section of magnetic 
poles 3t or 3b, as dotted lines 14t and 14b show a bound in drawing 2 . Although this effective magnetic field is based also 
on the magnitude of a line source 1 or a container 2, it is desirable to obtain the perpendicular direction magnetic field of 
sufficient flux density in space with a diameter [ of 20-1 50mm ] and a height of about 20-1 50mm. magnetic field strength - 
a lens center position ~ 0.1-0.3 ~ if it can obtain about T, positive electron can fully be converged. A permanent magnet 
may be used for it if necessary magnetic field strength is obtained by excitation of this lens. 

[0025] A positive electron line source is on extension of the shaft which connects the core of an electromagnetic lens, and 
the core of a measured ingredient, and although arranged to the opposite side with a measured ingredient to an 
electromagnetic lens, it shall have the device which the distance of a positive electron line source and an electromagnetic 
lens can move to the location of arbitration on said shaft, and can be fixed in the location. This is for making it easy to 
converge most many positive electron on a measured ingredient according to the line source to be used, without changing 
the magnetic field strength of an electromagnetic lens. Although It does not limit especially, as for the part approaching an 
electromagnetic lens, it is [ that this migration and immobilization should just utilize the fixture generally used ] desirable to 
use the non-magnetic material which does not disturb a magnetic field. The fixture which can be changed and fixed to 
arbitration on said shaft may be arranged in the container made into a vacuum, may carry out the seal of the movable 
shaft using an O ring etc., and may arrange it out of a container so that it may illustrate to drawing 1 . 
[0026] The center position of a line source is out of an effective magnetic field, and exceeds 14t of effective magnetic field 
upper limit of an electromagnetic lens, and the positive electron line source over an electromagnetic lens presupposes that 
it is it within the limits to less than 1 .5 times of the effective aperture of an electromagnetic lens, or the bore of a container. 
Namely, the spacing L shown in drawin g 2 exceeds 0. can move to the location of arbitration within the limits of 1 .5 or less 
times of the bore of a container 2, and is just fixed. Because it will be necessary to strengthen a magnetic field more, 
suppose that the center position of a line source exceeds the effective magnetic field upper limit of a lens in the location 
below this. Moreover, it carries out to to less than 1 .5 times of the effective aperture of an electromagnetic lens because 
the positive electron included in a lens will decrease in number, if distance is detached more than this. Here, the effective 
aperture of an electromagnetic lens is not the aperture of electromagnetic lens 3 itself but a bore of the container 2 
arranged in a lens. Although what was emitted from the line source at less than about 35 degrees of solid angles to the 
lens can be converged, positive electron cannot be used, if it collides with a vessel wall even if it is in the effective 
magnetic field of a lens. Then, suppose that a line source is put on less than 1 .5 times of the container bore in the part by 
which the electromagnetic lens has been arranged, i.e., effective aperture. 

[0027] The positive electron detector 5 is placed between an electromagnetic lens 3 and the measured ingredient 6. 
Although the combination of a thin plastic scintillator and a thin photo multiplier is sufficient as this, since sensibility will fall 
greatly If It is made thin, even if it makes plastic scintillator thin, It is good [ plastic scintillator ] to use the Avalanche 
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photodiode with few falls of sensibility. However, making the thickness thin and enlarging transparency effective area has 
a limitation from a strong fall and the difficulty of production. Then, if a positive electron line installs near the location 
converged with an electromagnetic lens, it Is not necessary to enlarge transparency effective area of diode. As a result of 
deciding to use in the range in which this area does not become large and making a silicon substrate, pi layer, etc. thin, It 
turned out that the Avalanche photodiode of the range of 50-200-micrometer thickness is applicable. If less than 50 
micrometers, mechanical strengths run short, and if it becomes the thickness exceeding 200 micrometers, the energy- 
absorbing at the time of detection will become large. 

[0028] The scintillation counter used for the usual gamma ray counting should just be used for the gamma ray detector 7 
from a device under test. In this case, although one set of a measuring instrument is sufficient, the disappearance by the 
collision with the electron of positive electron installs two sets of measuring instruments mutually face to face centering on 
a measured ingredient, and since two gamma rays of an opposite direction are surely emitted mutually, If only the gamma 
ray detected by coincidence by two sets is measured, its detection precision will improve. 

[0029] Since positive electron collides with the molecule of air and produces reduction and dispersion of energy when 
flying the inside of atmospheric air, a line source 1, the positive electron detector 5, and device-under-test 6 grade are put 
in into the container 2 which can be exhausted to a vacuum, and the trajectory of the positive electron from the line source 

I to the measured ingredient 6 is maintained at a vacuum. As for the pressure in the vacuum housing at this time, it is 
desirable to consider as the vacuum In which a pressure Is less than 1x10-4Torr as well as the case where electron rays, 
such as the usual Braun tube, are treated. By this, the improvement in the increase of the number of positive electron and 
sensibility and the compaction of time amount which carry out incidence to a device under test are attained. 

[0030] In defective measurement using positive electron, the energy distribution of the gamma ray emitted at the time of 
disappearance other than the approach of measuring the life to disappearance of positive electron after measured 
Ingredient incidence and few gap Include angles from the opposite between two gamma rays emitted may be measured. 
For example, It is the case where measure Doppler broadening which shows change of energy distribution, ask for an S 
parameter, or use a field-like gamma ray detector, and It asks for a two-dimensional angle correlation spectrum etc. In this 
case, what is necessary is not to detect the positive electron at the time of incidence, to remove and just to measure, not 
using the positive electron detector 5. 

[0031] After positive electron detects the passage, while the width of face of a positive electron line does not spread, It is 
desirable to carry out incidence to a measured ingredient, for this reason ~ although it is necessary to make a positive 
electron detector and a measured ingredient approach — this - heating of a measured ingredient and cooling ~ an 
appliance - Installation of an implement, or measurement of an emission gamma ray ~ an appliance ~ a limit is received 
in the installation location of an implement. Then, as shown In drawing 3 , the one more electromagnetic lens 16 Is placed 
between the positive electron detector 5 and the measured ingredient 6, it may converge again and incidence of the 
positive electron line 4 which passed the detector 5 may be carried out to the measured ingredient 6. thus ~ if it carries 
out, without it will be restricted to the location of a positive electron line detector - various fixtures, i.e., heating, and 
cooling - an appliance — an implement 17 and a measuring instrument can be installed. Moreover, by converging on two 
steps, energy judgment of positive electron is performed more to a precision, and the accuracy of measurement improves. 

[0032] 

[Example] The example of a prototype of the ingredient evaluation equipment using the positive electron which installed 
two electromagnetic lenses of a configuration of having been shown in drawin g 3 is explained. Aluminium alloy tubing 
(A6063TD) with the diameter of 40mm, a thickness [ of 3mm ], and a die length of about 400mm was used as a vacuum 
housing 2, the flange for attaching in tubing upper limit the fixture which installs a line source 1 was prepared, and the line 
source 1 was attached here through the line source holder 9 in the arbitration location of the vertical direction at the fixture 

II which can carry out migration immobilization through the vacuum seal 10. the flange for the fixture which installs the 
measured ingredient 6 in a tubing lower limit ~ preparing - tubing ~ the evacuation opening 8 of the diameter of said was 
mostly formed in the center section. The positive electron detector 5 was attached near this exhaust port 8. An 
electromagnetic lens 3 is made into the outside iron core configuration which covered the outside of an exiting coil with the 
soft iron for magnets, the effective magnetic field of a lens is space with a diameter [ of 72mm ], and a height of 50mm. 
and the magnetic field of the center position of this space is maximum 0.31T. The effective photoelectric surface used the 
Avalanche photodiode with a thickness of 1 00 micrometers for the detector 5 of the positive electron to pass on 5mm 
square. Between the positive electron detector 5 and the measured ingredient 6. the electromagnetic lens 16 of a thing 
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and isomorphism used directly under the line source was installed. Distance from a positive electron line source to a 
measured ingredient side was set to about 300mm. Evacuation is the combination of the oil rotary vacuum pump of 
exhaust velocity 160 Us, and the turbo molecular pump of ultimate-pressure force 10-8Torr and exhaust velocity 145 Us. 
[0033] lOOmicrocurie 22Na was used for the positive electron line source, from the upper limit of the effective magnetic 
field of an electromagnetic lens. L [ in / for the core of a line source / 5mm upper part, i.e., drawing 2 , ] was set to 5mm, 
and the magnetic field of the center position of two electromagnetic lenses was set to 0.1 2T, respectively. After having 
approached, having arranged the scintillation counter of BaF2 to the down side, using a silicon wafer with a thickness of 
1mm as a measured ingredient and setting the pressure of evacuation to 10-6Torr, the life of positive electron was 
measured. The numbers of positive electron effective in the life measurement measured on that occasion were 50 counts / 
second, and even If it made the location of a line source higher than this and made it low, reduction of the number of 
counts was accepted. The positive electron life was measured using the lOOmicrocurie same 22Na by the usual approach 
of sandwiching a line source with the silicon wafer of two sheets for the comparison. The effective counts in that case 
were 200 counts / second. 

[0034] Next, the line source was changed into lOOmicrocurie 68germanium, the core of a line source was made into 
15mm upper part from the upper limit of an effective magnetic field, the magnetic field of the center position of two 
electromagnetic lenses was set to 0.1 3T. respectively, and the life of positive electron was measured with the silicon wafer 
with a thickness of 1mm last time similarly. Consequently, the effective count of 60 counts / second was able to be 
obtained. 

[0035] Thus, when using the equipment of this Invention, In spite of having set distance of a line source and a measured 
Ingredient to 300mm, sharp reduction of the count of effective positive electron can be Inhibited. Moreover, although the 
positive electron energy of a line source changed a lot, it is not necessary to change the magnetic field of an 
electromagnetic lens sharply, and it can converge positive electron effectively. 
[0036] 

[Effect of the Invention] Incidence of the positive electron was carried out to the ingredient, the life was measured, and the 
positive electron line source and the measured ingredient were conventionally stuck and arranged in the ingredient 
appraisal method which measures the produced gamma ray. On the other hand, a positive electron line source and a 
measured Ingredient are detached and installed, and moreover the equipment of this invention can compensate the sharp 
fall of the number of effective positive electron. Moreover, even if the positive electron energy of a line source changes a 
lot, it can apply, without changing the magnetic field strength of the electromagnetic lens for focusing a lot. By this, the 
measurement of a positive electron life and generating gamma ray energy measurement which the crystallographic very 
small defect which exists in an ingredient can evaluate to a precision can be utilized more effectively, and it can ** to 
upgrading of the Ingredient used for precision techniques, such as an LSI substrate. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 1 It is a mimetic diagram explaining arrangement of the main component parts of the ingredient evaluation 
equipment using positive electron. 

[Drawin g 21 It is drawing which explains physical relationship with a positive electron line source to be an electromagnetic 
lens. 

[ Drawin g 31 It is a mimetic diagram explaining the arrangement of the main component parts of the ingredient evaluation 
equipment using positive electron which made two steps the electromagnetic lens for positive electron convergence. 
[Description of Notations] 

1 Positive Electron Line Source 2 Vacuum Housing 3 Electromagnetic Lens, 3a Electromagnetic Lens Frame, 3t An 
electromagnetic lens magnetic pole and 3b Electromagnetic lens magnetic pole 3w Electromagnetic lens coll, 4 Positive 
electron line 5 Positive electron detector 6 A measured ingredient and 7 Gamma ray detector, 8 Evacuation opening 9 A 
line source holder and 10 Vacuum seal section 11 A line source migration fixture and 12 Lens shaft 13 The gap between 
lens magnetic poles, and 14t Effective magnetic field upper limit 14b An effective magnetic field minimum and 16 An 
electromagnetic lens and 17 Instrument for heating / cooling of a measured ingredient 
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